COLOR IMAGE CAPTURING DEVICE AND IMAGE READER USING THE 
COLOR IMAGE CAPTURING DEVICE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a color image capturing device used for an 
image reader and other similar devices. 

Description of the Related Art 

Image readers for moving a carriage supporting a color image capturing device, 
and for reading an image on a manuscript, are known. The image readers include multiple 
image sensing elements, which are aligned with each other on a color image capturing 
device, and three line sensors for respectively reading three primary colors, such as a CCD 
in parallel with the surface of a manuscript. 

For example, in the case of a flat-bed image reader, a manuscript table, 
composed of a glass transparent plate for placing a manuscript on the upper surface of a box 
cabinet, is provided and inside the cabinet, a carriage moved in parallel with the manuscript 
table by a drive unit is provided. A light source and the color image capturing device are 
mounted on the carriage. Illuminating light from the light source is reflected by the surface 
of a manuscript on the manuscript table and focused on the color image capturing device by 
a condenser lens. 

In the above image reader, to enhance reading resolution in a main scanning 
direction, equivalent to a direction in which the image sensing elements of the CCD are 
arranged, the number of the image sensing elements, constituting the CCD, is increased. 
However, this increase results in the increase in the size of the CCD, an increase in the load 
in designing an optical system, and an increase in the cost of the image reader. However, if 
each element is miniaturized, manufacturing possibilities are limited. 

Japanese published unexamined patent application No. Sho58-19081 discloses a 
CCD image sensor, provided with photodetectors in a first row and photodetectors in a 
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second row, where the second row of photodetectors is offset or shifted with respect to the 
first row of photodetectors by an amount which is equivalent to approximately a half of the 
width of an individual photodetector. In the CCD image sensor, the photodetectors in the 
first row and the photodetectors in the second row are arranged adjacent to each other in a 
sub scanning direction. 

However, as disclosed in the Japanese published unexamined patent application 
No. Sho58-19081, if a CCD image sensor, in which photodetectors in a first row are 
arranged closely adjacent to the photodetectors in a second row in a sub scanning direction 
is used, a carriage is required to be moved by the height of the photodetector at every 
reading of one line for the photodetectors in the first row and the photodetectors in the 
second row to read the same line on a manuscript. 

Generally, in an image reader, reading resolution in a sub scanning direction is 
determined by the time required for photodetectors in each row to read one line and the 
traverse speed of a carriage. Therefore, in reading at low resolution in a sub scanning 
direction, a carriage is moved at high speed. 

However, image readers provided with a CCD image sensor in which 
photodetectors in a first row are arranged in close contact or in close proximity to the 
photodetectors in a second row in a sub scanning direction, cannot perform a precise reading 
operation of a manuscript. More particularly, in such an image reader, when the carriage is 
moved at high speed, if a manuscript is read at high resolution in a main scanning direction, 
and is read at low resolution in a sub scanning direction, a problem arises in that lines to be 
read by photodetectors in the first row and photodetectors in the second row are different 
which prevents a precise reading of the image. This problem arises because the 
arrangement of the photodetectors, in the first and second rows of photodetectors, in a sub 
scanning direction is not considered; that is, an interval between the photodetectors in the 
first and second rows is not considered. Therefore, in an image reader provided with the 
CCD image sensor disclosed in the Japanese published unexamined patent application No. 
Sho58-19081, if an image is read at low resolution in a sub scanning direction, the carriage 



must be moved at low speed to read an image precisely, as compared to when an image is 
read at high resolution, and therefore, it takes a long time to perform a read operation. 

SUMMARY OF THE INVENTION 

5 The present invention was designed to solve the above problems. An object of 

the present invention is to provide a color image capturing device wherein resolution in a 
main scanning direction is enhanced and reading at low resolution in a sub scanning 
direction is executed at high speed. 

According to the present invention, each row of image sensing elements, in a 
O 10 group of image sensing elements corresponding to each color, is offset or shifted from 
yj adjacent rows of image sensing elements, by an amount which is smaller than the width of 

an individual image sensing element in a direction in which the image sensing elements are 
^ arranged. According to this arrangement, a manuscript can be read at high resolution in the 

yy direction in which the image sensing elements are arranged, that is, in a main scanning 

□ 15 direction. A plurality of rows of image sensing elements are mutually arranged at a pitch 
^ exceeding twice the height of an individual image sensing element in a direction 

Jg perpendicular to a direction in which the image sensing elements are arranged. According 

to this arrangement, all rows of the image sensing elements can read the same line on a 
manuscript, even if a color image capturing device is moved at high speed, or twice the 
20 usual speed, when the color image capturing device is moved relative to the manuscript in a 
sub scanning direction perpendicular to a main scanning direction, and high-speed reading 
at low resolution is enabled. 

According to another aspect of the present invention, a color image capturing 
device includes groups of image sensing elements which are respectively provided for red 
25 ( R )> green (G) and blue (B) colors, such that a manuscript can be read with light from the 
manuscript resolved into three primary colors. 

According to another aspect of the present invention, a color image capturing 
device includes a group of image sensing elements which are composed of a first row of 
elements and a second row of elements, where the first row of elements and the second row 
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of elements are mutually arranged with each row offset or shifted from another row by an 
amount equivalent to approximately half the width of an individual image sensing element, 
and reading resolution in a main scanning direction is doubled. 

According to yet another aspect of the present invention, a color image 
capturing device includes a shielding part provided with a smaller opening than the light 
receiving area of each image sensing element for shielding the periphery of the image 
sensing element from light. A range of a manuscript read by the plurality of image sensing 
elements in common is reduced, and reading resolution can be substantially enhanced. 

According to another aspect of the invention, an image reader is provided with 
the color image capturing device described above such that resolution in a main scanning 
direction can be enhanced and reading in a sub scanning direction at low resolution can be 
executed at high speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described with reference to the drawings in which: 

Fig. 1 is a schematic drawing showing a color image capturing device according 
to a first embodiment of the present invention; 

Fig. 2 is a schematic drawing showing an image reader to which the color image 
capturing device of the first embodiment of the present invention is applied; 

Fig. 3 is a block diagram showing a signal processing unit of the image reader to 
which the color image capturing device of the first embodiment of the present invention is 
applied; and 

Figs. 4(A) and 4(B) are a plan view and a sectional side view respectively 
showing a row of image sensing elements of a color image capturing device according to a 
second embodiment of the present invention. 



DETAILED DESCRIPTION OF THE pkfffrrf t» rmrodtmrmts 

First Embodiment 



Fig. 2 is a schematic drawing showing a flat-bed image reader of a carriage 
moving type for implementing a first embodiment of the present invention. 

A manuscript table 1 composed of a glass transparent plate is provided on the 
upper surface of box cabinet 2. Inside the cabinet 2, a carriage 3, which can be reciprocated 
in parallel with the manuscript table 1 by a driving unit (not shown), is provided. A light 
source 4 and a color image capturing device 5 are mounted on the carriage 3. After light 
emitted from the light source 4 is reflected on the surface of a manuscript 8 on the 
manuscript table 1 and reflected by a plurality of mirrors 6, the light is focused on the color 
image capturing device 5 by a condenser lens 7. The color image capturing device 5 
respectively converts red light (R), green light (G) and blue light (B) to electric information 
and outputs corresponding electrical signals. The optical path length between the 
manuscript 8 and the condenser lens 7 is extended by reflecting the light by the mirrors 6. A 
white criterion 9 is provided at the end of the manuscript table 1. The white criterion 9 is 
provided with a uniform reflecting surface having high reflectance. 

An image on the manuscript 8 can be read by detecting the electrical signals 
output from the color image capturing device 5 when the carriage 3 is moved in a sub 
scanning direction, and by transmitting the signals to an external image processing unit via 
an interface 15 after processing the electrical signals in a signal processing section 10. 

Fig. 1 is a schematic drawing showing the color image capturing device 5 in this 
embodiment. The color image capturing device 5 is provided with groups of image sensing 
elements for reading respective light of R, G and B. Each group of image sensing elements 
includes two rows of image sensing elements, such as photoelectric conversion elements, 
composed of a first row 51, 53 or 55 of photoelectric conversion elements as a first row of 
elements composed by linearly arranging a plurality of image sensing elements in a 
direction perpendicular to the direction of the movement of the carriage, and a second row 
52, 54 or 56 of photoelectric conversion elements as a second row of elements. In this 
embodiment, each image sensing element is a square 8 (xm x 8 \xm in size, and the height of 
each row of photoelectric conversion elements is 8 juim. In each group of image sensing 
elements, the first row 51, 53 or 55 of photoelectric conversion elements and the second row 
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52, 54 or 56 of photoelectric conversion elements are offset or shifted with respect to each 
other by 4 u,m, which is equivalent to a half of the width of an individual image sensing 
element in a main scanning direction. 

In each group of image sensing elements, the first row 51, 53 or 55 of 
5 photoelectric conversion elements and the second row of photoelectric conversion elements 
52, 54 or 56 are arranged at the pitch of 32 \xm, which is equivalent to four times the height 
of each image sensing element; that is, equivalent to the height of four rows of photoelectric 
conversion elements. The second row 52 of photoelectric conversion elements in the group 
of image sensing elements for detecting blue light B and the first row 53 of photoelectric 
10 conversion elements in the group of image sensing elements for detecting green light G are 
arranged at a pitch which is equivalent to the height of four rows of photoelectric conversion 
elements, and the second row 54 of photoelectric conversion elements in the group of image 
sensing elements for detecting green light G and the first row 55 of photoelectric conversion 
elements in the group of image sensing elements for detecting red light R are arranged at a 
pitch which is equivalent to the height of four rows of photoelectric conversion elements. 
fV- Therefore, six rows 51 to 56 of photoelectric conversion elements are arranged at an equal 

AS, , 

^ interval from each adjacent row of photoelectric conversion elements by a pitch which is 

y3 equivalent to the height of four rows of photoelectric conversion elements. 

Charge stored in each row of photoelectric conversion elements is respectively 
20 transmitted to shift registers 512, 522, 532, 542, 552 and 562 via transmission gates 511, 
521, 531, 541, 551 and 561 in synchronization with a driving signal generated at a 
predetermined interval. In each row of photoelectric conversion elements, the storage of 
charge by light from the next reading line is started and charge transmitted to each shift 
register is sequentially respectively output from output terminals 571, 572 and 573. 
25 In tnis embodiment, each row of photoelectric conversion elements is assembled 

so that the manuscript 8 can be read at the resolution of 600 dots per inch (dpi) in the main 
scanning direction. Therefore, in the color image capturing device 5 in this embodiment, 
one line can be read at the resolution of 1200 dpi by synthesizing each data of R, G and B 
read by the first rows 51, 53 and 55 of photoelectric conversion elements and each data of 
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R, G and B read by the second rows 52, 54 and 56 of photoelectric conversion elements in 
respective positions in which the carriage 3 is moved by the height of four rows of 
photoelectric conversion elements. 

Charge output from the color image capturing device 5 is processed by the 
signal processing unit 10 shown in Fig. 3. An analog to digital (A/D) converter 12 converts 
data input from the color image capturing device 5 via an amplifier 11 to a digital signal and 
outputs it to a shading correction section 13. The digital signal is a signal having a 
numerical value between 0 and 1023 when reading gradation is composed of 10 bits for 
example. The shading correction section 13 corrects dispersion in sensitivity and dispersion 
in the luminous energy of the light source every element in the row of photoelectric 
conversion elements using data acquired by reading the white criterion 9 before the start of 
reading. A gamma control section 16 executes gamma control using a predetermined 
gamma function and converts a luminous energy signal output from the shading correction 
section 13 to a picture signal. The other correction section 17 executes conversion in color 
correction, edge highlighting, the extension/reduction of an area and others. 

Next, the operation of the image reader composed as described above will be 

described. 

A user connects a personal computer (not shown) to the interface 15 of the 
image reader, places a manuscript 8 on the manuscript table 1, specifies a range of the 
manuscript to be read and reading resolution via the personal computer, and instructs the 
image reader to execute a reading operation. 

When the image reader is instructed to perform a read operation, a control unit 
14 lights the light source 4 and moves the carriage at a fixed speed in a direction 
perpendicular to a direction in which each element in each row of photoelectric conversion 
elements is arranged. Images on one line are read by each row of photoelectric conversion 
elements of the color image capturing device 5 according to a driving signal generated every 
predetermined time and output to the signal processing unit 10. Reading resolution in the 
sub scanning direction is determined by the time required for each row of photoelectric 
conversion elements to read one line and on the traverse speed of the carriage 3. For 



example, a manuscript can be read at the resolution of 600 dpi in the sub scanning direction 
by moving the carriage 3 by the height of one row of photoelectric conversion elements 
every time the carriage 3 reads one line of the manuscript 8. 

In this embodiment, as each row of photoelectric conversion elements is 
arranged at a pitch equivalent to the height of four rows of photoelectric conversion 
elements in the sub scanning direction, all of the rows 51 to 56 of photoelectric conversion 
elements can read the same line, even if the carriage 3 is moved at a speed twice or four 
times as fast as that in reading at 600 dpi, because images are read at the resolution of 300 
dpi or 150 dpi in a sub scanning direction at high speed when the resolution for reading the 
row of photoelectric conversion elements is 600 dpi. Therefore, when images are read at 
high resolution in the main scanning direction and read at low resolution in the sub scanning 
direction, the manuscript can be read at high speed. 

Second Embodiment 

Figs. 4(A) and 4(B) show a row 51 of photoelectric conversion elements of a 
color image capturing device 5 according to a second embodiment of the present invention. 
Fig. 4(A) is a plan view and Fig. 4(B) is a sectional side view. 

In this embodiment, a shielding part 58, provided with a smaller opening than 
the light receiving area of each element, for shielding the periphery of each element from 
light is provided on the side of the light receiving surface of each row of photoelectric 
conversion elements. Figs. 4(A) and 4(B) show the shielding part 58 provided for the row 
51 of photoelectric conversion elements. However, a shielding part is similarly provided to 
the other rows 52 to 56 of photoelectric conversion elements. The shielding part 58 is 
formed by a metallic plate and a square opening 581, having the dimensions of 7 [xm x 7 
fxm. The remaining structure of the second embodiment is similar to that in the first 
embodiment. 

As a part read by a plurality of elements in common on a manuscript is reduced 
because the shielding part 58 shields the periphery of each element from light, substantial 
resolution can be enhanced. As sensitivity in the center of each element is higher than that 



in the periphery, the deterioration of sensitivity due to the reduction of light receiving area 
can be minimized. 

In the above embodiments of the present invention, each row of photoelectric 
conversion elements is arranged at a pitch equivalent to the height of four rows, however, 
5 the rows can be arranged at a pitch equivalent to an arbitrary number of rows exceeding 
two rows. For example, when each row of photoelectric conversion elements is arranged at 
a pitch equivalent to the height of two rows, and if the rows of photoelectric conversion 
elements are reading at a resolution in the main scanning direction of 600 dpi, the carriage 
mounting the rows of photoelectric conversion elements is moved at a speed twice as fast as 
j 10 that when reading resolution in the sub scanning direction is 600 dpi. In addition, when 
j images are read at the resolution of 300 dpi at high speed, each row of photoelectric 

1 conversion elements can read the same line on a manuscript. When images are read at the 

resolution of 200 dpi at high speed, if each row of photoelectric conversion elements is 
arranged at a pitch equivalent to the height of three rows, each row of photoelectric 
I 15 conversion elements can read the same line. When images are read at each resolution of 

300 dpi, 200 dpi and 100 dpi at high speed, if each row of photoelectric conversion elements 
is arranged at a pitch equivalent to the height of six rows, each row of photoelectric 
conversion elements can read the same line. If rows of photoelectric conversion elements 
having another reading resolution are used or each row of photoelectric conversion elements 
20 are arranged at a pitch equivalent to another integer value times the height of one row of 
photoelectric conversion elements, each row can also similarly read the same line. 

In the above embodiments, the image tube wherein resolution in the main scanning 
direction is enhanced up to approximately two times, by composing a group of image 
sensing elements, for each color of R, G and B, having two rows of photoelectric conversion 
25 elements where the first row of photoelectric conversion elements is offset or shifted from 
the second row of photoelectric conversion elements by approximately a half of the length 
of an individual element, is obtained by applying the present invention to the image tube. 
However, even if a group of image sensing elements for each color is composed of three or 
four rows or n rows of photoelectric conversion elements, where n is an integer having a 
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value greater than two, the effect of the present invention of reading at low resolution at 
high speed in the sub scanning direction can be obtained by arranging each row of 
photoelectric conversion elements at an equal interval equivalent to the integer times the 
height of one row in the sub scanning direction. For example, if a group of photoelectric 
conversion elements is composed of three rows, resolution in the main scanning direction is 
enhanced up to approximately three times by arranging the first row of photoelectric 
conversion elements and the second row of photoelectric conversion elements offset by 
approximately 1/3 of the length of an individual element, and arranging the second row of 
photoelectric conversion elements and a third row of photoelectric conversion elements 
offset by approximately 1/3 of the length of an individual element. If a group of 
photoelectric conversion elements is composed of four rows, resolution in the main 
scanning direction can be also enhanced up to approximately four times by arranging each 
row offset from an adjacent row by approximately 1/4 of the length of an individual 
element. 

Also, in the above embodiments, one output terminal is provided corresponding 
to a group of image sensing elements of each color of R, G and B, however, one output 
terminal may be also provided for every row of photoelectric conversion elements. 

Also, in the above embodiments, the present invention is applied to the flat-bed 
image reader of the carriage moving type, however, the present invention can be applied to a 
flat-bed image reader of a mirror moving type in which a color image capturing device and 
a condenser lens are fixed, and a light source and a group of reflectors are moved. The 
present invention can be also applied to another image reader such as a sheet feed type for 
moving a manuscript. 

As described above, according to the present invention, the rows of image 
sensing elements are arranged in parallel at a pitch equivalent to at least twice the height of 
said image sensing element. 

While the present invention has been described with reference to particular 
embodiments, it will be understood that various modifications may be made without 
departing from the spirit and scope of the invention. 



